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Re: Health Claim: QOmega-3 Fatty Acids and Coronary Heart Discasc (Docket No. 91N-
0103)

Dear Mr. Troy:

We represent the plaintifls in Pearson v. Shalala. 1n this letter we seek a prompt
reconsideration of a letter ruling issued by the agency on October 31, 2000, in the above-
referenced casc. Our elients seek agency action on or before December 31, 2001. Our
clients will refrain from taking legal action against the agency until January 2002 to
afford the agency sufficient time to reconsider its letter ruling. The grounds for
reconsideration follow.,

The United States Court of Appeals for the D.C. Circuit held FDA’s suppression
of the following health claim unconstitutional under the First Amendment: “Consumption
of omega-3 farty acids may reduce the risk of coronary heart disease.” Pearyon v,
Shalala, 164 I'.3d 650 (D.C. Cir. 1999), reh’g denied en banc, 172 F.3d 72 (D.C. Cir.
1999). On the evidence belvre it, the Court held the claim not inherently misleading but,
at worst, potentially mislcading. Consistent with commercial specch precedent, the Court
prohibited outright suppression of the claim and mandated evaluation of a reasonable
disclaimer as a less restrictive alternative to suppression. On remand, the FDA disobeyed
the Court’s order. While leaving unrebutted the scicntilic proof in support of the claim,
the agency ncvertheless chose not to evaluate disclaimers as less restrictive alternatives (o
suppression but to rewrite the claim in its entircty. ln its October 31, 2000 letter ruling,
the agency informed plaintiffs that it would not allow use of the remanded claim but
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would refrain from taking enforcement action against them, at least for the time being, il
they used the following claim of the agency’s creation:

The scientific evidence ahout whether omega-3 faity acids may reduce the risk of
coronary heart discase (CHD) is suggestive, but not conclusive. Studies in the
general population have looked at diets containing fish and it is not known
whether dicts or omega-3 fatty acids in fish may have a possible effect on a
reduced risk of CHD. 1t is not known what effect omega-3 falty acids may ur
may not havc on risk of CHD in the general population.

The plaintiffs’ scientific adviscrs (as well as other scientists who study omega-3
fatty acids and coronary heart disease) have informed plaintiffs that the revised claim (1)
fails to summarize accurately the current state of scientific knowledge concerning the
effect of omega-3 fatty acids on coronary heart disease and (2) misleads the public by
suggesting Lhal the scientific evidence in {avor ot the claim is far weaker than it actually
is. Indeed, the revised claim is confusingly worded, making it difficuit not only for the
public but also for scientific experts to discern its meaning. Moreover, the plaintitts find
the revised claim far too lengthy to fit on the labels of their dictary supplements. The
plaintiffs have received word from several in the industry and in trade associations who
have voiced the same concerns about the revised claim.

Consider the first sentence of the revised claim: “The scientific evidence about
whether omnega-3 lutly acids may reduce the risk of coronary heart discase (CHD) is
suggestive, but not conclusive.” That sentence misleads, according to our scientific
advisers, because the evidence associating omega 3 fatty acids with reduced risk of CHD
is strong, not merely suggestive, There is a substantial body of weli-designed human
clinical trials linking omega-3 fatty acids with reduced risk of coronary heart disease
through a well-accepted mechanism of action. The statement that the evidence is merely
“sugpestive” misleads the public

Consider the second sentence of the revised claim: “Studies in the gencral
population have looked at diets containing fish and it is not known whether diets or
omega-3 [atty acids in fish may have a possiblc cffect on a reduced risk of CHD ™ The
scientific evidence upon which plaintiffs have relied includes studies identilying the
omega~3 lally acids in fish (and, indeed, cold water fish having hiph levels of omega-3
fatty acids, as opposed to all {ish in general) as the agent linked to the reduced CHD risk.
Moreover, studics on omega-3 fatty acid supplements provide corroboration for the effect
of that ingredient on reduced CTTD risk. That cvidence is penerally accepted in the
scientific community. Consequently, the cntirc second sentence of the revised claim is
false and mislcads the public.

Consider the third sentence of the revised claim: “It is nol known what elfect
omega-3 fully acids may or may not have on risk of CIID in the general population,” The
scientific studies upon which plamtilts have relied provide evidence of the same
mechanism of action causing CHD risk reduction in at risk populations as it does for
individuals not sulfering from illness. The cvidence strongly favors the conclusion that
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omega-3 fatty acids may reduce the risk of C11D in the general population. There is no
sound evidenee to the conirary  Congsequently, the entire third sentence of the revised
claim misleads the puhlic.

Taken as a whole, the revised claim conveys a conlusing (and conflicting) set of
messages. In the first sentence, it appears to suggest that there is a link belween omega-3
fatty acids and reduced risk of CHD but in the remaining senfences it conveys the
impression that there is not suflicient evidence o support such a link. Tt is thus
inherently mzsicading, contradictory, and confusing. Thc apency should therefore
rccanszdcz its position.

The Pearson plaintiffs ask the agency to reconsider its leter ruling in light of
Judge Kessler's final and binding decisions in Pearson v. Shalala, 130 F Supp.2d 105
(D.D.C, 2001) (Pearson 11) and in Pearson v. Thompson, 141 F.Supp.2d 105 (D.D.C.
2001). ‘Those cases establish clearly that the approach taken by FIJA in its remand
consideration of the omega-3 fatty acid health claim violates the mandate of our federal
counts in Pearson 1, 11, and III. The decisions in Pearson I, 11, and ITI establish that there
is a weighty constitutional presumption in favor of disclosure over suppression, requiring
FDA w aceept discluimers as the rule ininstances where claims are backed by credible
evidence (even whien that evidence is inconclusive) and o resort 0 suppression only
when the weight of the cvidence opposes the claim and the claim is incarable by
disclaimer. Ilcre, by contrast, FDA has suppresscd the remanded ¢laim outright and has
clected not to rely on a disclaimer but to rewrite the claim in ils entirety, fundamentally
changing its original terms and meaning. Indecd, the revised claim is largely
incomprehensible due to its conflicting content and completely emasculates the scientilic
message that consumers so urgently need to reeeive (i.e., that omega 3 fatty acids may
reduce the risk of coronary heart disease). As the Courls in Pearson I, T1, and 111 have
explained, the presence nf credible evidence means that a claim is not inherently
misleading. Pearson 1, 164 F.3d at 659; Pearson 11, 130 F Supp.24d at 114; Pearson 111,
141 F.8upp.2d at 111, As such, it cannot he hanned owright; the constitutional remedy is
to rely on disclaimers; not claim suppression. Pearson 1, 164 F.3d at 657; Pearson 11,
130 F'.Supp.2d at 113; Pearson 111, 141 F.Supp.2d at 111.

Mareover, the Court in Pearson 11 and 11T has twice instructed the FDA to rely on
short, succinet and accurate disclaimers as opposed to the lengthy and entirely unuscablc
revised claim il has chosen in this case. We offer the following as an alternative
acceptable to the Pearson plaintiffs that uomphus with the Courts’ rulings and conveys
accurately the state of the scientific evidence.'

Consumption ol omega-3 fatty acids may reducc the risk of coronary heart
diseasc. l‘hc scientific evidence supporting this elaim is strong but not
conclusive.?

"' be sure. s the Pearson plaintifts have reiterated many times in the past, they would be willing to
dccept any reasonable disclaimer for use with their claim.

* "This elaim may be uscd on any product containing at least 600 mg but not more than 2000 mg per day of
DHA plus EPA.
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The above claim is quite conservative in view of the widespread consensus in the
scientific community that EPA and DHA do substantially reduce the risk of death due to
cardiovascular disease. See, e.g., I'xhibit A (W. Connor, “n-3 Fatty Acids from fish and
fish oil: panacea or nostrum?” Am .J Clin Nuzr 2001; 74:415-6; “n-3 Fatty Acids and
cardiovascular disease risk factors among the Inuit of Nunavik,” Am .7 Clin Nutr 2001:
74: 464-73).

The plaintiffs remind the agency that it has maintained its suppression of
plaintiffs’ original claim since 1994. In light of FDA’s First Amendment burden of proof
and the constitutional command that FDA proceed expeditiously, £lrod v. Burny, 427
U.S. 347, 373 (1976) (“The loss ol First Amendment freedoms, for cven minimal periods
of time, unquestionably constitutes irrcparable injury™), we ask the agency to issuc its
written decision no later than the end of the month of December, 2001.

Sincerely,

Gz 7N\

/ Johathan W. Fanond
! ounsel to the
{ /Pearson pluintilTs
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See corresponding article on page 464,
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n—3 Fatty acids from fish and fish oil: panacea or nostrum?*-3

William E Connar .

The steps in the development of important medical discover.
jes test first on intuition and then on associations of a certain
factor with a discase, followed by scieniifically designed cxper-
iments, The history of the importance of the n=3 polyunsaturated
faty aclds eicosspentaenoic acid (EPA) and docosshexasnoic
acid (DHA) iliustrates this point beautilully, Early Arctic explor-
ers commented on the rarity of coronary anery disease in Eski-
mos despite their consumption of & very-high-fat, high-choles-
terol diet. This finding wis indeed a paradox uniil it was resglved
by 2 Danish scientists, Bang and Dyerberg (1), When these
investigators jooked at the coronary morulity statistics in Green-
iand Eskimos and in Danish persons living in Greenland but
having & vestly different [ifestyle, they found few deaths from
coronary artery disesze in Greenland Exkimos but many deaths in
Danes. The answer to this riddle came from an analysis of the diet
of the Eskimos compared with that of the Danes (1). The Ietter
group ste a diet high in saturated fat and cholesterol from meat
snd dairy products similar to the diet eaten in the homeland of
Denmark. The Eskimos, on the other hand, ate sezl, whale, and
fish, all of which are extremely rich in EPA and DHA. This wes
in contrast with the lower n~3 fatty acig content of the typical
Danish diet, In the Greenland Eskimos also, the content of these
same n~3 fatty acids in the blood was high (2], and the tendency
of the blood 1o form thrombl was lzssened becauge the n=3 fatty
atids were taken up by the blood platelets (3).

The same situation prevails in present-day Eskimos, ss jlius-
trated by the study by Dewailly et al (4) in this issue of the Jour-
nal, The Nunavik Inuit of Quebec. despite some Westernization,
still partly consume the diet of their ancesiors, which is rich in
fish and marine mammals. Morality from coronary srtery dis-
ease in the Inult is 50% less than that in the Quebec province as
a whole, The fnuit's high blaod content of EPA sand DHA reflects
their consumption of these foods from the gea, '

Why the n~3 fatty acids from fish and marine oils prevent
coronary artery disease has now been delineated in hundreds of
experiments in animals and tissue culture cells and in populatien
and clinical trisls (5). OF the nutritional medalitias thought o
prevent heart disease, the evidence for the efficacy of u-3 fauy
acids is sgong, This evidence may be best summarized in Table 1
and by anzwering the following question: have other population
studies and clinical trials shown that fish consumption is associ-
ated with a lowsted incidence of coronary artery discase? Japan-
ese, Dutch, and US swudics indicate that desths from coronary
arery disesse are reduced by 250% by the consumption of 1-2 fish
meals/wk (6-8). The mast importani finding is of a reduction in
sudden death from ventricular fibrillation and tachycurdia. About

300000 such deaths oceur in the United Stales each year, Direet
clinical trials of fish and fish oil have also shown & stiking
reduction in sudden desths {9, 10); these findings have great pub-
lic health significance. Furthermore, animal studies and experi-
ments in isolaied myocyles showed that venatricular arthyihmias
are inhibited by EPA, which sffects sodium and caleium jon
channels in the hesrt {11).

Thrombosis is 4 major complication of coronary atheroselers:
sis and leads to myocardial infarction, The n~3 faity scids from
fish oil have powerful antithrombotic actions. EPA inhibits the
synthesis of thromboxane A, from arachidonic acid in platelets.
Thromboxane A, causss plaielel aggregation and vasoconstric-
tion. By blocking thromboxane A, synthesis, fish oil ingestion by
humans increases the bleeding time 3nd decreases the number of
platelets that stick to glass beads (12). In addition, administration
of fish oil enhances the production of prostacyclin, a
prostaglandin that produces vascdilation and less sticky platejets.
In an in vivo baboon model, dietary fish oil prevented platelet
deposition in a plastic vaseular shunt (13}, Injory to the intima of
the carotid anery of the baboon invariably caused 8 marked pro-
Yiferative and inflammatory leslon, greatly thickening the wall,
When the znimals were fed fish oll, this damage and intimal
thickening were completely blocked.

The EPA and DHA contained in fish oil inhibit the development
of atheroselerosis. Thers is evidence in both pigs end monkeys Gt
dietary fish oil prevents atheroeclerosis by actions other than the
lowering of plasma cholesiarol concentrations (14). These actions
may be associsled with the inhibitian of monocyte mipration inlo
the plaque, with less cytokine and interleukin 1o production, and
with sdmulation of the endathelial production of nitric oxide.

Dyerberg and Bang also found that the dlood of Greenland
Eskimos had Jower triacylglycerol and cholestercl toncentrs-
tions, particularly triacylgiycerol, than the blood of Danes (2).
Dewailly ¢l at (4) found that n=3 fatty scids in the plasma
phospholipids of Nunavik Inuit were positively sssociated with
HDL-cholesterol concentrations and inversely associated with

'From the Division of Erdoosinology, Disbetes, snd Clinicat Nutritian,
the Department of Medicine, Oregdn Health & Science University, Pontland,

28uppocted by the Oregon Helih & Science University Foundaiion aod
tha Cleneral Clinicsl Research Cenlers Progesm (RR-39) of the Divisiun of
Research Resources of the Nstinnal Institures of Healih,

JAddress reprint reguests o WE Connor. Dapartment of Medicine,
LASES, Oregon Mealth & Science University, Porthind, OR 97201, E-minil:
connorw@chsu.edu,

Am J Clin Nurr 200174:41 58, Printed in USA. © 2001 American Soclety for Climica! Muthition 413

‘Wyp2iil 10-02-AON { gE69894202

£'9°d ‘S3IVYID0SSY 3 OHONI :Ag 1uss



416 EDITORIAL
TABLE { reduction in sudden death (18). A vepstarian diet, then, can sill
Actions of p=3 t::ly axids 16 Prevend coronary hean discase and sudden benefit from 8n increased p~3 fatty acid content.
desth In summary, n~3 fatty acids from fish and fish oil are natural
}3 Prevent cardiac arthythmiss (venriculer mhycxrdh and fibrillation) food substances that prevent coronary artery disease and sudden
2) Act as antithrombotic agents death. Physicians should become acquainted with (be powerful
33 Inhibit the grewth of atherossicrotic plaques therapeutic potential of these fatty acids. n~3 Falty acids have
4 Af: s 'ﬂ)ﬁf"ﬁmm}’ agent (inbibil synthesis of cywkines and immense public health significance for the control of the current
milogens, H :
33 Stimulate endothelial-derived nigge oxide coronary epidemic.
£) Lower plasma toncentraton of wiscpiycero] a0d VLDL ehalesierol T&
__and increale plasma concentrations of HDL chotesterl REFERENCES
1. Bang HO, Dyerherg J. The composition of food consumed by Am
Greenlandic Eskimos, Acta Med Scaad 1973:300:69.73.
plasma wiscylglycerol and the ratio of total to HDL chelesteral, 2. ByeetgJ, Bang HO, Hjornc N. Fany acid composition of the plasm !
These Inuit had higher n=3 fatty acid (EPA+DHA) concentra ;;P‘d:hf G;‘;"f““’h&n}?“' Am 1 Clin Nur mms‘““ﬁ' diet
tions 1n their plasma phospholipids proportional to the intakes® : “r’: " ;fu - Bang HO. Huemostadle function and plareler polyunsat- cvel
y acids in Eskimos. Lances 1979:2:4335. focy
of typical Eskimo marine foods, However, plasma (otal and 4. Dewailly E. Blanches €, Lemieux §, £1 al. n—3 Fauy 3cids and care "
LDL-cholzsterol concentrations correlaied pasitively with n=3 diovascular discuse tisk fuctars smeny the Inuit of Nupavik, Am J Py
fatty. acid concentcations. The divergent effects of n~3 fauy Clin Nuir 2001:74:464.73, beli
acids to reduce plasma triacylglyeerol and elevate LDL may be S, Connor WE. n—3 Fatty 2¢ids and heart disesse, lo: Kritchevaky D, 4 but
explained by s dietary background high in cholestero] and satu- Curroll KK, eds. Nutrilon and disease update: hear disease, Cham- Bec:
rated fat as well &s in n—3 fatey acids. The 2 sitvations arc com- paign. 1L: American Gil Chamist’s Society, 1954:7-42, . tlfft
pletcly compatible, In 8 feeding experiment by Nordoy et al 6. Siscovick DS, Raghunuthan TE, King L. et al. Dictary intake and cific
(15). a diet high in n~3 farty acids but also high in cholesterol cell membrane levels of long-chain =3 polyunsaturated fatty acids A
and saturated fat decrsased plasma triscylglyserol and VLDL sed doc risk of primary cardiac arreit. IAMA 1993214:1363.7, by o
L , % ’ 1. Albert CM, Heanekens CH. C'Donnell CJ, &4 al, Fish consumption of A
and at the same time increased plasma LDL. The optimal diet and risk of sudden cardiac death, JAMA 1998:279:33-4. dev
would be oge high in n—3 fatty acids and low in chalesterol and 8. Kromhout D, Bosschieter EB, Coulander C. The laverse relution ove
saturated fat, thus redusing both tracylglycerol and LDL con- between fish consumpticn snd 20-yeat monality from eoronacy ev,m
centrations in the plasma, hean diseuse. N Engl J Med 1585:312:1205-9., adag
This pronounced effect of fish oil on hyperlipidemia is espe. 9. Burr ML, Fehily AM, Gilbert IF, et al. Effects of changes in fae, fish, Faue
cially well documented by precise dictary studies in which a diet and fibre intakes on death snd myocardial reinfarction: diet and T
rich in salmon oil was fed and conwrasted with & vegetsble ail eeinfurction wrist (DART). Lancet 1989;2:757-61. . ﬂ:“”
diet and 8 diet high In saturated £at {16), Fish oil lowers plasma 10. GISSI Prevenzione Im’f‘““‘mi ﬁwfm '“kag@%,w’m '3-3 plast
. A , X R . polyunsaturated falty acids and vitamin E after myocardial infaretion: intal
triscylglycerol concentrations by inhibiting che synthesis of tria- resalts of the GISSI-Prevenzioae Trial. Lancet 1999;354:447-55, sis p
sylglycerol and VLDL in the liver. Apelipoprotein B production ) Kang JX, Leal A. Antiazrhythmic efects of polyunssrated fauy Banl
is lower afier consumption of fish oil than afier consumption of acids, Circulation 1996:94:1774-80, wers
vegetable oils such as safflower of olive oil. This mechantsm of 12. Qoodnight SH It, Haris WS, Connor WE. The effests of diesary b ;‘
ation is further substantiated by cultures of rabbit and rat hepa- omega-3 futty acids upon platelel composition and functios in man: F)‘ ‘
tocytes in which EPA, for example, in contrast with oleic acid, a proypective, controlled study. Blood 1921,38:880-5, Q;fg
inhibited triacylglycerol synthesis and stimulated the synthesis 13- Harker LA, Kally AB, Hunson SR, & al. Interruption of vascular
of membrane phospholipid. thrombus f:‘:rme:ioa' and vascola Jesion fwnmti?a by dierary a~3 5“:" ‘
Pronounced postprandial lipemia occurs after the absopriion i‘;;’f,:;;" in fish oil in nou human primates. Circulution 1993;8: :?;;,
of fat from diets with high fat contents. Postprandial lipoproteins —, bt yp Brideasting KT, Veaselinoviich D, Wisster RW. Fish oil ated
arc known to be atherogenic. They are also thrombogenic inhibits development of wthersclarosis in rhesus monkeys. Anss sugy
becsuse postprandial lipemia increases activatad factor VII, » riosclerosis 1987;7:44]-3, dise.
procoagulant. Pretreatment with fish oil greatly lessens post- 15. Nordoy A, Haicher LF, Ulimann DL, Connor WE. Individual eMects How
prandial lipemia (17), apd this effect should be considered both of distary saturated fatty acid aod fish oil on playma lipids and
anti-athetogenic and anti-thrombotic. fipoproseins In normal roea. Am ) Clin Nutr 1993:37:634.9, hecc
The emphasis on (ish and fish ail for coranary prevention does 16 Phillipson BE, Rotirock DW, Connor WE. Humis WS, Mingworth DR, bet
not mean thal vegetatians could aot benefic from the consump- Reduction of plasma lipids, lipoprolsins. and apaproteins by dictary ’Wg’
tion of n~3 facty acids, The precursor 1o EPA and DHA in the ;‘:’; "’g;é_ffgmwu with hypersriglyceddemia. N Engl J Med 1985, p!a;
; ~,3 ta.“y add.” n!‘.hfuc’pﬂﬁl’wzy 1 u-lmalem'c acid (14:3n-3), 17. Harris WS, Connor WE. Alam N, Ulingworth DR. The reduction ¢f
which is especially rich in certain vegetable oils such as canola, 2 g ; , : :
3 postprandis! triglyceridemis in humans by distary n—~J fauy acids.
vay, flaxseed, and walnut oils. In the Lyon Heart Study, which ¥ Lipid Res 1988:29:1451-50,
emphasized linclenic acid consumption from canola margarine, 18. De Lorgarit M, Reaavd 5. Mamelte N, ¢t al. Mediterranean alpha-
blood EPA concentrations increased and the death rate from linolenic acid-rich diet In secondary prevention of cotonary beant
coronary anery discase was reduced by 70% with o concomirant disease, Lancet 1994:343:1454-5,
. Amd
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n-3 Fatty.acids and sardiovascular disease risk factors among the

inuit of Nunavik'™?

Trie Dewoilly, Carole Blanchet, Simone Lemieux, Loulse Sauvé, Suzanne Gingros, Pierre Ayotte, and Bruce John Holub

ABSTRACT '

Background: Inuit traditionally consume large amounis of
aarine fouds rich in n~3 fany acids. Evidence exists that a—3
anty ucids hove hencficial effecty on key risk factors for cardio-
vuseular disease, .

Thjective: Our goal was 10 verity the relution between plasma
shospholipid concentrations of the n=3 fatly acids eicosapentacnoic
avid {EPA) und docosahiexnenoic acid (DHA) and various curdio-
vaneutar disease risk factors among the Tnuit of Nunavik, Canada.
Design: The study population cousisted of 426 Inuic aged 18-74 y
whu participsted in a 1992 health survey. Data were obrained
through home imecviews and clinical visits. Plasma samples
were analyzed for phospholipid fatty acid compaosition.
Wexulis: Expressed as the perceniage of toral fany scids, geo-
mewic mean concentrations of EPA, DHA. and their combina-
tian i plasma phospholiplds were 1.99%, 4.52%. and 6.83%,
respectively, =3 Faty scids were positively associared with
MI.-cholaxtero]l concentralions and inversely associated with
wineylglycerol coneentrations and the rotio of total to HDL che-
lesterol, In contrast, concentrations of total cholestercl, LDL
cholesterol, and plasma glucose increased as n=3 fauy acid
voncentrations increased. There were no significant essociations
between n—3 fatty acids and diastolic and systelic blood pres-
sure und plasma insulin.

Conclustons: Consumption of marine producis, the main source
uof EPA and DHA, appesrs to beneficially affect some cardiovas-
vulur discase ¢isk factors. The traditional Inuic diet, which is rich
i n=3 fatty acids, is probably responsible for the low mortality
wite from ischemic hesrt divesve in this population.  Am J
Clin Nutr 2001:74:464-73.

KEY WORDS  n~3 Fatty acids, cicosapentacnoic aucid,
Jucosahexacnuic acid, fish intake, cardiovascular disease, risk
tuctor, cholesterol, LDL, HDL, triscylglycerol, blood pressure,
slucose, insulin, Natives, Inuit

INTRODUCTION .

Diets rich in fish and marine mammals have been linked w0
tower incidence of thrombotic diseate in Geeenland and Japan
{1, 2). Dietary fish and marine oils ace rich in eicosapentaencic
wid (EPA; 20:5n—~3) and docosahexnenoic acid (DHA;
Y160~ 3), which are long-chain polyunssturated fatty acids of
the n— 3 series, n—3 Fauy acids favorably affect risk factors impli-

See correspunding editoriaf on page 415,

cated in the pathogenesis of stherosclerotic and thrombotic dis-
eases (3-6). Epidemiolopic evidence also exists for an inverse
relation between (ish consumption and death from ischemic
heart disease ({HD) [7-12). Higher concentrations of EFA and
DHA in plasma and serum phosphalipids are inversely correlated
with cardiovascular disease (CVD) and IHD (13, 14).

Located in a vast a territary of 563 515 km? norih of the 55th
parallel, the Inuit populstion of Nunavik {northern Quebec) is
estimated a( 8970 persons and is distributed among 14 coastal
villages (15). Cumpared with the rest of Canada, the Inuit popu.
lation is very young, In 1991, 40% uf the Inuit were S13 y of ape
and 2% were 265 y, compared with 20% and 11%, respectively.
uf the remaining Canadian population {16). Inuit arc conlronted
with challenging environmental conditions such ax extreme cold;
historically, the sbundance of nretie fauna has supporied the sur-
vival of this population. The traditional diet consists primurily of
mutine mammals [white whale (beluga) and seal), fish, and cari-
taw, which ace eaten fresh (raw or cooked) or dried, with use of
the skin, blubber, liver, and fat in different meals.

In 1992 daily intakes of n=3 fauy acids from traditional
food, especially fish, marine mammals, and piscivorous wild-
fowl, were high among Inuit porsons compared with intakes
by other populations (2, 17, 18), However, strong evidence
exists of a decrease in treditional food consumption by the
Inuit, primarily from 1950 to 1970, when Inuit populations
settled into permunent communities and market foods became
increasingly avzilable (18, 19). In scveral native populations,
& shift away [rom wraditional lifestyles and diets is associated
with 8n increused prevalence of risk factors for CVD, suchas
high blood pressure, elevated blood lipids, diabetes, and cbe-

*From the Public Health Reseateh Unis, CHUL Research Cenrer, Comure
Hospitaller Univensinaire de Quebee, Ste-Foy, Canada: the Depariments of
Socixt and Preventive Medicine and of Food Soi and Nutrition. Laval
University, Sie-Foy, Canads: aad the Depunment of Human Biology and
Nutritions! Sgiencex, the Unjversity of Guelph, Guelph, Canada.

!Supported by lndizn and Northern Affairs Cansda.

3Address reprint requests to E Oswailly, Laval University Medicul
Reseasch Center, 2400 d"Estimauvilie. Beaupon, Qusbes GIE 709, Canata.
E-mail: sric.dewailly@crchul.ulavalcn.

Received November 22, 2000,

Aceepted for publieation April 16, 2001,

dfd Am & Clin Nutr 2001,74:464-73, Pricsed in USA. © 2001 American Socizty frr Clinical Nuiridon
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n~3 FATTY ACIDS AND CARDIOVASCULAR DISEASE RISK

sity (20-23). Additionally, evidence points to Increasing cuies uf
desth from 111D and stroke among native populations. In this
study. we cxamined the n—3 fatty acid status of a representative
sampie of Nunavik lnuit and verified the relation between plasma
phospholipid concentrations of n~3 fatty aclds and varivus CVD
riak fuctuis.

SURJECTS AND METHODS

Study design

In 1992 Sonté Québec, an organization of the Quebee Health
and Social Services Minisiry, conducied a health survey among
the Inust population of Nunavik as pait uf the foderal-provincial
Canadian Heart Health Initiative, The primary objective of the
survey was lo collect relevant information on the physical, social,
snd psychosocial health of the [nuil population (24), This infor-

~ manon was gathered in several stuges. Flrst, facc-to-face inter-
vicws were conducied at sach panticipant’s home 10 administer 3
lifestyle questionnaire. Among the same participants, g clinical
session was conducted in the village health clinic to obain phys-
iologic and anthropometric measurements. Finally, & facc-to-facc
imterview was conducted by a nuese to collect 24.h recalls of
dietary inlake. A food-frequency questionnaire was administered
only to women who were neither pregnant ot breast-feeding.
Stored plasma samples were used 1o measure the fany acid com-
pasidon of plasma phosphalipids. Samplas were stored at -80°C
for £4 mo. Our mam wac respansible for analyzing the fatty acids
and contaminants in the blood samples. Information on demo-
graphic charscteristics, the prevalence of CVD nsk tactors, and
tood 1ntake was obrained from the Sunté Québec data files,

Study population

The target population of the survey comprised ull permanent
resldents of Nunavik uged 18-74 y, cacluding houzeholds consist-
ing of only nen-Inuit persons and parsons not related 10 an [nuit
and excluding institutionalized persons (24), The population was
stratified according to the 14 villages and the sample was stratified
by villags, with the quasiproportional repreacntstion of the
momber of honscholds in each stratum, The Quebec Bureau of
Statistics chose s design tHat would afford an acceptable degree of
precision for any prevalence 2 10% for all commuanitics combined.
OFf ihe houschold respondenis, 492 panticipants underwem the
clinical measurcments and blood teats, OF these 492 Inuit. 86 did
not fast for 212 h before blood sampling und were therefore
excluded. The study protocol was approved by the Ethics Com-,
mitles vl Maisonneuve-Resemont Hospital (Montreat).

Plasma liplds, glucase, and Insulin

Concentrations of plasma total cholesterel, triscylglycerols,
LDL chotesterol, and HDL cholesterc! were analyzed according to
the methods of the Lipld Rexcarch Clinics {253, Cholestere! and
triacylglyearal concentrations were measured in plasma and in
lipoprotein fractians with use of 3n Autc-Analyzer 11 (Technicon
Instrumenis Corporation, Tarrytown, NY). The HDL fraclion was
ulitained after presipitation of LDL in the infrunatant fluid with
heparin and munganese chloride, Plasma glucose was messured
enzymatically and fasting insulin concentrations were messured
with & commercial double-antibedy radioimmunoassay (LINCO
Reascarch. St Louis) that showed littla cross-resceivity (£0.2%)
with human proinsulin and for which CVs were £5.5% (26),
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Flasma phospholipld fatty scids

To measure the faty acid comporition of plasma phosphalipitly
200-uL plasma samples were extracted after the addition of chlo-
roformimethano] {2:1, by vol) in the presence of 2 knowit amount
of internal $iandard (diheptadecanoyl phospholipid) (27), The
rotal phospholipid was isolated from the lipid exieact by thin.
layer cheomatography with heptane:lsopropyl ethersacetic acid
(60:40:3, by vol) as ths developing solvent, After transmethylation
with boron trifluoridesmethsnol, the fatty acid profile was deter
mincd by eapillary gas liquid chromalography. Falty acid roncen.
vrations in plasma phospholipids were expressed as percentages of
the total area of all fatry acid peaks from 14:0 10 24;1. In this
study, plusma phospholipid concentiations of fatty acids corre-
spond 1o relative percentagres of tanal fatry acids by weight.

Bloog pressure

Pour blood pressure measutsiuents were taken by n trained
survey nurse according tn the recommendations of the Consen.
sus Conference on the Management of Mild Hypeneasion in
Canada (28), Standard mescury sphygmomanometers, 38.cm
({5-in) stethoscopes, end appropriately siced vulls were used.
Pressurs readings were taken at the beginning and at the end of
hoth thie home interviews and the clinica! visits, These values are
reported as the arithmetic mean of the 4 readings.

Lifestyle assessment and anthropomelry

Lifestyle habits (aleohol consumption, smoking status, ctc)
were assessed by questionnaire during a face-to-face intarview,
Height, weight, and wsist and hip girth were megsueed during
the clinleal session, Waist girth was messured by poxitioning
the measuring tape Horizantally at the lavel of noticesble waist
narrowing and recording the citcumfersnce 1o the nearest czn-
timeter. The mean (£5D) body mass index (BMU in kg/m®) ot
the subjects was 26.7 L 4.9, their meuan waist girth was
$6.0 & 3.7 rm, and the comelation coefficient between these
2 indexes was 0.38 (P = 0.0001). In this study, the accumuls-
tion of adipase tissue in the abdominal area as measured by
waist girth was used 1o measure abdumins! obesity (29-31). A
waist girth 2100 cm for subjects aged <40 y and 290 em for
subjects aged 240 y was defined as abdominal obesity (32),

Dictary asseasment

Data on fish and marine manimsl jntake werc abmined with
use of & 24.h dietary recall and a food-frequency questionnaire
gdministerad by 2 nurse {18). The 24-h dietary recall assessed
the amounts of marine foods consumed by the Inuit community
(men and women) the day before the survey, The fond-frequency
questionnairs was administered t0 226 women and measured
their consumption of traditiona] and market foodstuffs. Tradi-
tianal food referred to 23 food items (including severa parts of
marine mammals such as meay, far, skin, and Hve)) Jecived from
fishing ond hunting: fraimscy of consumptidh was recorded
far all 4 sessons. A specilim question regarding the manthly
Irequency of consumption of 'seal maat was asked of al) study
participants {men and women). The n=3 fuily acid content of
traditional foods eaten mnct often hy the Ingit population was
determined in 8 previous srudy (19, 33).

Data anafysie

ARl statistice peneanted in this paper were obiained fram
weighted dats 1o recstablish the equiprobability of an individual
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LY DEWAILLY ET AL
TABLE 1
Relative concentratons of fauy avids in plasma phospholipids in the lnil of Nunavik/ e
Fatty acids Arithnsetic ¥ 2 SE ) _“‘C::‘ecmetri: ¥ 5% Ct .Pfinimem Ma.ximt‘af:
% by wi of tuial finrey acide
PLIFA
w3 Series
Tatal” 9.71 2023 8.63 (8.23, 9.04) 24| 29.51
EPA 3014013 1.99 {1.81,2.1%) 0.09 1.7
DHA 4952010 4.52 {4.33.4.71) 038 1188
EPA+DHA 7954021 6.83 {6.46,7.21) 058 6.5
1—5 Seriey
Tetal! 1845402 8.4 {12.57, 28.51) 1312 4.1
AA 6.22%0.0% 5w {5.80, 6.14) .81 {435
Toral PUFA, n=3 4 a~6 teriex 18162013 38.06 (37.80, 3R.3)) 25.54 .64
u=-3.n—% 082001 0.3 0.29,0.33) 0.06 128
EPACAA 031002 [ k] {0.30,0.37) [+ 24]] 77
MUFA? 18.21 20,43 3.0 (17,79, 18.270) 11.9% 2370
SFA' 436350015 43.52 {(43.23, 2.8 1.4 5802
PR Q88 £ 001 037 0.86, 0.89) 0.4 L

.-M" PUFA, Pﬂg;;;;t;;;unicé fany acids; EPA, cicosapeniasnoic acid (20:3n~3); DHA, docosahexaencic acid (22:6n~1), AA, arachidonic acid (20idn~5)
MUFA, moucunsaturated faily acids; SFA, saturared fatty acids; P:5, ratio of PUFA 10 SFA,

U8 2 18:4 0200 20:4 + 2005 4 22:5 + 2246,
1826 183w 22 20:3 4 20+ 22:2 4 224 4 2TS,
il « 181+ 18] 4301 + 227 & 240,

a0~ 160 170+ 18:0 ¢ 20:0 + 220 22:0.

being selected for the sample und o take into account nonre-
spanse by age and sex, To this ead, euch reypondent was given a
value (weight) corresponding to the number of subjecss he or she
represeated in the Nunavik population. Thus, zll resuls pre-
sentcd in this paper were weighted and are representative of the
entire Nunavik adult population (24). Crude » values are pre.
sented for information only,

In the staristical analysis we sought to first (o describe the
plusma phospholipid concentrations of n~3 fatty aclds. Plasma
and secum phospholipid fatty acid profiles ure recognized as use-
ful biomarkers for EPA and DHA staws and intake (3. 34). Sub-
Jjects were grouped according to biological md lifestyle factors.
The statistival distribution of plasma fatty acid concentrations
wits fivst checked and was found (o be skewed. Therefore, the
grometric mean was used as the meazure of central tendency for
faty acid concentrations. Arithmetic means were also caleulsied
o fnenlitate comparisons with other surveys. Results also include
05% Cls of geometric means,

Analysis of variance {ANOVA) on the logarithm of plasma
ratty acid concentrations was used to determine sffect compar-
isons among groups. Mean daily intakes of traditions! foods and
of n—3 fauy acids and mean vulues of CVD risk factors were
caleulated secording to age and sex. The poteatial interaction
effect uf age and sex was checked by using u rwo-factor ANQVA
with an interaction term. The associstions between the plasma
phospholipid concentrations of n~3 fany acids, particularly of
EPA and DHA. and values for curdiavascular disease risk factors
were assessed by use of multiple linear regression snalysis, The
poterial internction effect of pge and sex was also cheeked in
the regrexsion models. Regression analyses were conducted with
data from subjects who were not teking prescribed drugs for
hypercholesterolemia, high bloed pressure, or disbetes. Adjust.
ments were made for potentisl confounding effects of age, sex,
waisi girth, smoking, and aleobiol intaks. Covariunce analysis
wus used tn calculate mean concentrations of HDL und triucyl-

81/11 sbed ‘WYS2: 1| 10-0Z-AON

glycerols according 1o quintiles of EPA+DHA concentrations in
plasms phospholipids. Covariance analysis wes performed to
control for the same confounding variables as described sbove
and excluded the same subjecis. A test for tends was performed
across quintles. All statistical snalyses were performed with the
SAS software package [version 5.12; SAS Instiwee Inc, Cary,
NC (335)] and statistical significance was set al a = 0.05.

RESULTS
The study population consisted of 426 Inuit aged 18-74 y, of
whom 179 were men (mean age: 38.7 y) and 247 were women
(mean age: 37.8 y). The fanty acid composition in the plasma
phospholipids of the siudy population is shown in Table 1. The
geomeiric mean concentrations of EPA, DHA, and their combi.
nation (EPA«DHA) were 1.99%, 4.52%, and 6.83% by wi.
respectively. Neurly 25% and 66%, respectively, of the Inuit had
plasma concentrations of EPA and DHA >5.0% by wi (data not
shown). EPA«DHA accounted for 80% of toal n~3 fatty acids
and 10% of the Inuit had EPA+DHA concentrations as high as
15.0% by wi. The geomeiric mean concentration of 1atal n~6
fatty ocids was 28.04% by wt and arachidonic acid (AA)
aceounted for 2{% of n~6 fatty acids. Concentrations of totel
* n—3 and n~6 fauy acids were inversely correlated {r w 0,81,
P 5 0.0001). The ratios of EPA 10 AA and of n~1 10 n—6 [anty
acids were 0.33 and 031, respectively, and 20% of the Invit had
un EPAIAA > 1.0. Monounsaturated and salurated fatty scids in
plasma phospholipids were 18.03% and 43.52% by wi of totsl
fatty mcids, respectively. The ratio of polyunsaturated to satu.
rated fauty acids was 0,87, and 10% of the fnuil hud a ratio > 1.0,
Summorized in Table 2 Is the relation between relstive cons
ceatrations of n—3 fuuy acids and characteristics of the lnuit
population. Concentrations of EBA, DHA, and EPA+DHA and
the ratios ul EPA 10 AA and of 0 3 to n--6 fulty scids varied
significantly according to sex, with Inuit women having higher

‘gesogavzoz
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n=3 FATTY ACIDS AND CARDIOVASCULAR DISEASE RISK 467
TARLE2
Relative concentrations of n~3 fany 3<ids in plasma phospholipids acconding lo characteristics of the Inuit poputation’ —
Potential confounding varisbles  ,~°  EPA DHA . _EPADHA EPAAA n=Jn=6
% by wr of total farry acide
Sex
Men (n = 179) Lasz 019 4,j220.43 61952032 0.2¢10.02 g.28 = 0.
Women (n = 247} 2202017 4572013 7552027 CJs 4003 gaszom
4 . 0.03 0.0001 0.00) 0.0003 0.0003
Agpe .
g“ 30 ¥ (x> 354) 1402012 a0t +0.4 5762021 0.2520.02 25200t
240y {n = 172} 3382023 $.7720.15 9792035 0.55£0.04 DAk 20.02
P £.0001 0.0001 0.0001 0.0001 8.0001
Waist ginth :
Normal {r = 283} {.83£0.15 4322011 646023 032003 292001
Elevated (n = 121) 2682028 5172028 8.22£046 0423005 140 1 0.0
I'4 0.0007 0.0004 0.0002 o0l 0.0001
Smuking stams ’
Smoker (n = 248} 2144016 458 20.12 1012026 0.26 £ 007 PRI 1%} ]
Nonsmoker (n = 130} 2014036 459 £0.19 692 & 0.42 0.334+004 DIk 002
4 053 0.96 0.79 0.79 058
Aleohol intake 4
MNone (a = 139) 1412037 3.07=0.18 7.89 4042 041 £0.08 036z 0.0
14 drinkdd In= 61} 1620 4232028 620£053 0291006 0.27+0.03
25 deinks/d (n = 127) 1044018 4282015 - 6582030 0324003 0292 0.02
14 b0 o1 0.004 002 G004
Medieation Tor CVD problems * 4
Yes (n = 24) 2821056 515039 BB 30383 0472 0.08 023 20,08
No (n = 402} 1952013 447£0.10 674 20.21 [REE 3ix47] LNz 00
P 0.11 o0 0.03 Q.12 0.0

' Geemetric ¥ & SE. EPA, cicosapanmennic acid: DHA. Jucorshexssnocic 3eid: AA, wrachidonie acid; CVD, cardiovaceular dicense # hy answuy

ANOVA.

values than Inuit men. About 38% of the Inuit women had con-
centrations of EPA+DHA &3 high as [0.0% by we; only 27% of
the Invit men had concentrations this high {P < 0.001; dnta not
shown). Cancentrations of n=3 fatty acids increased signifi-
cantly with age. as did the ratios of EPA 1o AA snd of n~3 10
n~b fally acids. Concentrations of LPA 23.0% by wt or of DHA
25.0% by wt were observed mainly among Inuit vged 240 y
{dote not shown), About B5% of Inult aged 1839 y had (olal
n—6 feuty acid concenirations >25.0% by wi, whereas this con-
centration was reached by only 48% of Inuit aged >40 y {dana
not shown). Subjecta with high waist ginths had higher concen.
trations of n—3 fatty acids than did subjects with normal walst
girths. n—3 Fatty acid concentrations did not vary significantly
according to smokiag status, but alcohol abstalners had higher
voncentiations of EPA, DHA, and EPA+DHA and higher ratios
of FPA 1o AA and of n=3 to n~56 than did subjects wha con-
sumed 21 alecoholic drink/d. Higher concentrations of DHA and
FPA+«DHA and 3 higher ratic of n~3 to n—6 faity acids were
vbserved in Inuit who used medications fur hypercholes.
ternlemia, high biood pressure, snd diabetes than in nonusers.
Forty-one percent of the Ingit reported having eaten tradi~
tianal foods the day before the survey. Mean traditional food
cunyuinption of marine origin was 131.2 g (Tuble 3), Quantita-
tively. the most popular traditiona! fande eonsumed by the Inuit
were mattzk (white whale skin), red char (arctic char), ringed
seal meat, lake trout, und lake whitclish (data not shown),
According ta the 24-h dictary recall, mcan intakes of CFA, DA,
and EPA+DHA from traditions] foeds were 1020.7. 10939,
and 2114.6 mg, respectively. The maximum daily intake of
EPA+DHA was 34.8 g. n~3 Fatly acid intakes increased signiti-

WveZ:iLl 10-02-AON

captly with aga but did not vary sccording to sex, There waz no
Interacton effect of age and aex when daily lutakes were wout-
pared Datn feom the fond.frequancy questionnaire completed by
the Inuit women showed that mean annual daily intakes of EPA.
DHA, and EPA+DHA were 576.8, 715.9, and 12527 mg. respec-
tively. n~3 Fanty &cid Intakes were sigalfivantly higher amung
Inuir women aged 240 v than amang women aged 1834 y.

We examined the relution between concentrations of iotu]
a=3 facy acids and the ratio of EPA 1o AA in plasmo phospho-
1ipigs and the frequency of seal medt consumption (Figure 1.
In sil 1ha Inuit, as the frequeacy of real meat vonsumption
intreased, the concentrations of tol n=3 fauty ascids and the
EPA:AA increased (P = 0.0000),

For subsegquent analyses. 20 of 1he 426 subjects were excluged
beeause they reported taking medication relgted  CVD, In
‘these analyses. mean concentrations of tota! and LDL choles.
terol did not vary sccording to sex but increased significuntly
with age (Table 4). The mean HOL-choelesterol concentration
was higher in women than in men end incrcascd with age. In
conlrast. the ratio of total (o HDL cholesternl was higher in
men than jn women and did not vary according ® age. Mean
concentrations of triscylglyrerpls did not vary according to
sex or age. Buth systolic vnd dMwlic blosd prassuies were
higher in men than in women and increased with age. Mean
concentrations of glucose and insulin did not vary sccording to
sex and only glucose concentrations incrcaséd significamly
with age. When comparing mean values of CVD risk factus
among groups, an interection effcct of age and sex was found
for HDL, the ratio of totsl 10 HDL cholesieror, svstoliv blood
pressure, and insulin,

{8e69997202
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468 DEWAILLY ET AL

TABLE D

Daly mtai:s u! marine foods, eicosspentaenoic acid (EPA), and Gncsszh::meu: amd (ﬁHAJ In the 1w populution, by sex and xge!

24-h &mm re::li Food-frequenty questionnaire {winn m\lz}
Men Women 18-39y 24y All ig 3oy 240y All
Duify inukes (nal9)  (w=247)  (n=254)  (nw172)  (ned2fy  (n=128) (n = 9% (# = 226
Tiaditional foods (g} 14264 183 1106£ (23 Q12117 20563198 (3122107 15764144 [7S5%133 (612100
EPA (ing) T046.7 £ 190X U444 1264 TO18 2 J2B.E 14SIA L 1981110707 £ 1100 85022756 612X ITGATEET
DHA tmg) 11493 £ 1960 1038.0& 1294 B32.8% 130.6 1592522115 10909 £ 1147 689921088 773752 T59%T00f
EFA+DHA (i) 2196.0 £388.5 2091.42253.2 1626.1 £ 2587 3043.0 £ 40B.0° 211 4622242 1240.1 £ 184.] 1308621278 12600 ¢ 1.9
" Arihmetic ® & ST

W Significantly Jilferent frum 1R-J9 y (iwo-factor ANOVA): *P $0.0001, #7 £0.08,°P s 001,
“*Signilicanily diffecent from 1B-39 y (one-way ANCVAY “# S .05, *F 5 0.0L

Shown in Table § are the regression coefficients (B values)
{rum the multiple lincar regression analyshs with CVD risk fae-
tor values ax the depenmdant variables and relative concentrations
of n~3 falty acids in plasma phmpholxpsd% as the predictor vari-
able. n=3 Faity acid concentrations were positively associated

with concenirations of total, LDL, and HDL cholcsteral. EPA -

and the rotio of EPA 16 AA were negatively nssocialed with the
ratin of total w HDL cholesterol, All n—3 faity acids showed
negative associations with triacylglycerol concentrations, except
fur DHA, for which no significant sssoclation was found. n -3
Faiy acids were not associared with diastalic or <ystalic blood
pressures, All n~3 [ty acids were positively ussociated with
plasma glucose, n—3 Fatty acids, espacially EPA und the ratio of
EPA to AA. tended 1p be inversely dssociated with plasma
insulln, but this iclation was not sigaificant. No modification
«ffeet was found for age und sex on the observed sssociations
when thess relations were verified through regression analysis,

Covariance unalysis was conducled to examing mean concen-
wations of HDL and welocylglycerals uccording to guintiles of
EPA+DHA eoncentrations in plasma phospholipids. The mean
voncentration of KDL varied significantly accurding to quintiles
of EPA+DHA und reached as bigh as 1.70 mmol/L ot quintile 5
(Flgure Z). The mean concentration of wiucylglycerols alxo var-
itd necording 1o quintiles of EPA+DHA and was significanily
lowee in quintile § than in the lowest quintiles (Blgare 3).

DISCUSSION

The plasms phospholipids of the Nunavik Inuil. who tadi-
\ionally consume large amounts of marine foods, contained rela-
sively high concentrations of n~J fary acids. Older Inuit had
higher concenirations of n~21 futty acids than did younger Inuit,
reflecting their higher intukes of marine fonds. This lest vhser-
vation ix cousisient with previous studies conducied in northern
native populations {36-41). Modificwtions in the lavit diel,
including reduciions in maring produet consumption, have (aken
place aver the past decudes, especially in younger Inuit This
decline in marine food consumption is suributable in part ta the
greater availability of market foods in communities {19). How-
ever, n=—3 lany acid intakes amony e Inult sre high compared
with intakes of other populutions (17). The resules of 3 recent
study suggest that traditional food consumption has not varied
greatly since 1992 and that the grestest sources of n—3 fauy
acids (eg. marine mammals ond fish) in the Jouic dist remain
papular in Nunavik today (42).

Tn the Inuit women, Intakes of marine foods snd of n—J faty
acids measurcd with use of the food-frequency quesiionnaire
appeared (o be Tower than those estimaied with use of thic 24<h
dietary recall. Because food-frequency questionnaires are mote
sppropriate for measnring regulac intakes {43), it can be pssumed
that the n=3 faty acid intakex of the Ineit men may have been
overestimated by the 24-h distary recull method. indeed, the resulis
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n—3 FATTY ACIDS AND CARDIOVASCULAR DISEASE RISK 459
TABLE ¢
Values of curdiovascular disease (CVD) risk fuctors in the lnuit population, by sex and age’

¢ Men Women 18-39 y 240y Toisl

CVD risk fantors tn= 110 (= 236) {r = 252) (nw |34} (n=408 3‘.’.’.5“" sex X age
TC (mmoiiL) 5.04 £ 0.08 5.10¢0.06 490 £0.08 872007 3074005 038
LDL {mmei/L} 3,09 & 007 3.00:005 184 +008 1792007 309204 019
HDL {mmollL) 1,40 £0.03 1,61 2003 1.4320.m 1.66 % 0.4 1502002 0,006
TC:HDL 3924011 1402007 3681008 1612010 67000 0,008
Triacyigiyterols fmmold.} f22x0m 109 4 0,01 .14 £ 008 1204006 CLIShRODS 0.27
SBP imm Hp) {15332 092 109.80 £ 0.8) 109.7) £ 0.66 11938 4 118/ 11260 £0.63. 0.0z
DBP(mm Hy) 7609 2 0.53 1372 0.5 72812053 76.00 & 0.68¢ NI 043 vy
Gilueose (mmol/L) 5152008 S.421009 491 3004 5442 0.1¥ 514 20.08 N
Intulin {pmal/l) 58324487 $9.14 2 4.44 T 85072371 6501 2 643 $8.1223.27 0008

! Adithmetic 7 # SE. TC. otal cholesterol; SBP, systollc blood pressure; DB, diastolic blood pressure,

i Two-factor ANOVA,

228 anificantly different from 18-39 y two-facin ANOVAY; /1 50,0001, 47 5 0.001.
? y y .

3Sipnificantly different from men, P £ 0.0001 {two-factor ANOVA).

»

of 1 pravious study documenting marine mammal consumplion
among the Inuit of Nunavik indicate that Inuit men and women
have similor consumption psticrug for traditional loads (44).

Concanteations of EPA, DHA, and total n-~3 fauy acids
among the Inait of Nunavik are similar overall to those pbserved
smang Alaskan tiver village Eskimos but are lower than those
reported for fgloolik Inuit in Nunavut (Cansda) and Alaskan
coastal village Eskimos (37, 45). The ratio nf n~ 3 to n—& fanty
scids in the plasma phospholipids of Nunavik Inuit incredsed
with age 25 shown in previous studies among Alaskan Eskimos.
Greenlond Inuit, and Inuit of the Nunavut {36, 37, 41, 43). Dil-
Ferances between Artic regions may be stribnted to the different
{aboratory metheds used and also to the territorial availability of
fish specles; populstions in coastal regions consume morc
marine mammals and fish than do inland populations, Funther-
tnore, trzditions! food Intakes may vary acevrding to the degree
of urbanization of Inult communities (46).

Our resulls showed a protective effect of n—3 fauy acids on
HDL-cholesterol and triacylglycerol concentrations, which ore

TABLE §

key tisk factors for CVYD [47-30). The inverse relation nated
between n—3 faty acld inteke and circulating plasma triagyl-
glyesrol concentrations ig well documented (1}. A pasitive effect
of n-3 falty acids on HDL-cholesterol concentrations hus not
been consistently found, but iz noted mainly when large doses of
n=3 fany acids are used (3, 27, 51). Qur study suppors Mese
findings. Marcover, although HDL-cholestaral concenirationy
tend to stabilize or decrease with age (52.54), suc resulis
showed that HDL-cholesterol concentrations increased with pge
among the Inujt. Thus, the elevated intake of n-23 fatry aclds in
the older Inuit appears 1o override the effect of age on HDL.cho-
testerol concentrations,

In this study, concenirasions of EPA+DHA were positively
associated with total and LDL chelesterol, The ceporied ellects
of n—3 fauy acids vn buth of these CVD risk factors ace incon.
sistent (3, 55). Fich oil 2ometimes increases LDL-cholestern!
concentrations (56, 57). Although thers is still controversy
regarding the effects of o3 fotty acids on the oxidative suseep-
ubility of LDL, n—23 fatry aclds msy change the compusition of

Regression cosfficients fm muhiple linesr regrestion anolysis with vilues of cardiovascolar disease [CYD) risk factors a3 dependent varisbles snd

relarive concentrations of fany xcids in plasma phospholipi 3 predicior vanables’
e e i

- - e T SR —— s e s newr,
CVD risk factors Log EPA Lop DHA Log EPASDHA Log EPA.AA Logn Xn-b
T< 0,59 1.65 1.22 048 1,00
0.0001) (0.0001) oo £0.0001) {0.00013
Lo 0.8 112 0.81 040 0.581
: {0,005) 10.0003) {0.0007) ©.002) w0.o0n
HDL 0.22 048 048 f2 (41
©.0001) (0.004) {8.0001) {00001} {0.0001}
TCHOL ~0.40 ~-0.,09 ~0.50 -0.37 -0 44
{0.04) (0.85) {0.14) {0.08) (N 14y
Loy triscylglycerols -0.13 -0,11 ~Q.19 -0.11 ~0.15
{0.0004) .12 ({0.0003) (0.0002) {0.001)
sy -1.33 -1.02 -3.81 -1.54 -2.50
(6.%4) 0.1% 012 R4 {0.26)
nap -0.99 0.51 -1.66 -0.89 ~1.78
.41y 0.53) (0.4} £0.43) . 034
iluense ndt 1.0t 08¢ 0.97 0.71
. {0.02) 060} (0.008) (0.0 (0.8}
Log ingulin -~0.08 ~0.14 ~0.12 ~0.08 ~310
(0.07) {0.18) (N (0 08) 0,18

£ values in parentheses. Bach model included age, sex, waist girth, smoking starus, and afcohol intake. a = 406, EPA, ticosapentacnuic agid:
DHA. docossheraencic acid: AA, arachidonic acid: TC, total cholesterol; SBP, aystolic blood pressure; DB, dinstoliz blood pressure,
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FIGURE 2. Mean (and 98% C1) concenirstions of HDL cholesiero! uccording to quintile of ticosapentaenoic plus thovusshesuenvic weid

(EPA+DHA} concentrations in plasma phosphalipids. F for trend = 00002,

L., teading to Jess atherogenic LDL particles with jower phos-
pholipid and spolipoprotein B concentrations and s higher LDL
particle size (5B~61). It was niso suggested that comblning un
amioxidant with n=3 [atty acids may protzct against oxidative
steess (87,81, £2). The results of one study showed that teducad
LDL.cholcstersl concentrations combined with antioxidant
therapy improve impaired endothelium-dependent toronary
vasadilatation (63). LDL atherugeaicily may be influencad by
the presence of sntisxidants sueh s vitamins A and E and per-
haps selenium, which inactivats the atherosclerotic propertics of
LDL (57. 64~66], {n the course of the Santé Québec Health Sur-
vey, we measured plasma concentrativns of selenium in a sub-
sample of 40 Invit, These subjects hod higher selenium concen-
trations (% 2.0 pmoVL) than reparted for other general populations
{*=1 umol/L) (44), Whitewhale skin {matiak) iz especislly rich
ig' Selenium (3.5 pgly) and is consumed by the Inuit in lurge
amounis when it ig available (33). Svadjcani et zl {£7) reporied
an increased risk of IHD in Danes who had secumn seleaium con-

cenfrations §1 pmol/L. In a 7-y follow-up study, Salonen (68)
found an excess risk of death by corenary discase and CVD and
80 txcess risk of myscardia) infarction among subjects with low
selenium concentrations. Thus, we can postulate that the pars-
doxical finding regarding the increase in LDL with increasing
n=3 fauy acid concenuations in plasma phosplulipids may
refizct, omong the lovit, an increase in LDL particle size The
antioxidant actinn of selenium, which enhances the antizthero-
genic properties of n=13 fatty acids, may also explain the reduced
mertality rate from [HD smong the Inuit of Nunavik,

We found no relatiun between n-3 fony acids and plasma
pressure. Morris et 2l (69) reported that the hypotensive effect of
high doses of fish oil may be strongest in hypertensive subjects
and in thuse with clinical atherosclerotic diseuse or hypercholess
terolemia. Mast studies that tauysisd healthy individuals with no
clinical manifestation of hypertension failed 10 detect 2 hypoten.
sive effect of n—3 fatty acids on bluod pressure (69-72). Nearly
6% of the Inuil had high blood pressure. compared with = 4% of
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FIGURE 3, Mean (and 95% CI) concsntrations of triacylglycerols sccording to quintile of eicnsigcnmnak plus docosuhexaenviy acid

{EPA+DHA) concentrrtions In plasma phospholipids. P fur trend = 0.01.
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n~3 FATTY ACIDS AND CARDIOVASCULAR DISEASE RISK

the general Quebee population during the same period (73). Con-
sidering the high prevalence of obesity snd cigarette smoking in
this population, which are known risk factors for high blood pres-
sie (74, 75}, it can be considicred that the Inuit dist contributes
1o the low prevalence of high blood pressure in this papulation,
The effect of n=3 faity acids on glycemia, insulinemia, and
type | and 2 diobetes is not clear (76~78). n—23 Fatty acids may
play a 1wlc in enliancing gluvose metabolism, insulin secrction,
and insulin receptor sensitivity (79-81). In this study, n—3 fatty
acids were positively associated with plasma glucose, whereas an
increase in EPA and the fatio of EPA to AA appeured to be
inversely associated with plasma insulin. The prevalence of type 2

diabetes among native populations has been increasing in recent:

decades (21, 82-84), A sedentary lifestyle, the progressive aban.
doning of 3 traditional diet, an increasing intake of energy in the
form of carhohydrates, and the high rates of obesily foupd ln 1his
population have favored this emergence (21, 85). Obesity it
highly prevatent among the Jnuit of Munavik {86-88), Obase sub-.
jects (panicularly those with abdominal obesity) are generally
characterized by a cluster of metabolic disturbances including
glucone intolerance. hyperinsulinemin, hypertriglyceridemia, low
HDL-cholesterol cancentrations. and an clevoted ratio of total tn
HDL cholesteral (86, 89, 90). Our results agree wilh these find-
ings (data not shown). Effectively, ubese Inuit had higher values
for these risk favturs thun Jid nonvbese Inuit. However, as com-
pored with obese Quehacers, obese Tnnit had higher concentrations
of n—3 faity acids and HDL cholestero] and lower concentrations
of insulin and tefacylglycerols and a lower ratio of total 1o HDL
cholesterol (31), Hence, these results sugpestthat n~3 fany aclds
may attenuate motabolic disorders in obese subjects.

Kromhout ¢t a! (3} reported that moctality rates for arterial
diseuses were »50% lower smong Dutch who consumed 230 g
{ish/d than among those who consumed nu tish, In [Y¥2-1990,
the ape-mandsrdized morwlity rate {per 100000 person yenrs)
for IHD [codes 410~414 in the 9th revision of the International
Ciassification of Diseazes (92)] was 66.3 [or the Nunavik Tauh
compared with 140.2 for the entire provinee of Quedec (93).
Plasma phoapholipid concentrations of EPA ond DHA are higher
in the Tnuit than in Quebecers (geomelric mean of EPA+DHA = 1.70:
95% CI: 1.67, 1.72) [5]). Marine food intake by the Inuil was
131 g the day before the survey, corresponding to an intake of
w2115 mg LTA=DIHA, During the same period, the customary
diet of Quebecers included =13 g fsh/d (=170 mg EPA+DHA).
clase w the mean daily intake in a typical US diet (between 100
and 200 mg) t17. Y1, 93). Therefore, the lower THD morality rate
nhserved In the [nult population than in the general Quebec pop-
ulation suggests that the Inuit diel may contribute substaatisl
benelits regarding cardiovascular health,

Despite the high prevalence of obesity snd ymoking smong
the [nuit of Nunavik, the mortality rate of 1MD 15 low in this
population. moat likaly because of their traditional diet rich In
n-3 fatty scids. Our study showed some beneflis of n~3 fanty
acids (derived from marine sources) an CVD risk, notsbly,
increased HDL-chaolesterol and reduced (riacylplycerol concen-
tratinns. Howewer, cvidence pointy te decreasing traditional
foud consumption by vounger Inuit, Thus, the promotion of safe
nuteitional habits among Inuit presents 2 2-fold challenge:
maimain of Incresse troditional food use. which confers & com.
preative advaniage to the Inuit population (eg, low IHD mortal.
ity rate), 3nd support efforts 1o increase the use of healthy mar-
ket faods. ]
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